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1 Introduction
This contribution discusses the different cell states that may be needed as part of small cell on/off, the signals that would be transmitted in each case and the types of on/off transitions that could be supported. 
2 Discussion
2.1 Cell states

Currently there may be different understandings about the characteristics of “off” and “on” cells. For example, when dynamic on/off is applied with short timescales it is not clear that a dynamically “on” cell would necessarily be fully backwards compatible towards legacy UEs. It is also not clear that dynamic on/off with short timescales is compatible with transmission of all the required legacy signals for backwards compatibility.  RAN1 specifications are likely to focus on the UE viewpoint of whether a cell is ON or OFF (i.e. the signals that the UE can expect in either case). In this discussion the network viewpoint is indicated in lower case “on” or “off” (i.e. the signals that a network could reasonably be expected to transmit when operating small cell on/off for, respectively, data transmission or discovery only).
Proposal: An “on” cell provided by the network is not necessarily backwards compatible to legacy UEs. Therefore the signals which may be assumed by the UE to be present for an ON cell need to be determined.
Also, irrespective of the final DRS design details, it is not clear whether an ON cell would necessarily need to transmit a full set of backwards compatible CRS. Table 1 captures the characteristics of the different possible cell states, and indicates which aspects are still FFS. The focus here is on the downlink in FDD
Table 1: Characteristics of possible cell states (from a network viewpoint)
	Cell State
	Mandatory Transmitted Signals 
(i.e. always assumed by the UE to be present)
	Optional Transmitted Signals
(i.e. a UE may be configured to expect these additional signals when the cell is indicated as ON)
	Functionality for Legacy UEs
	Functionality for Rel-12 UEs

	Dormant
(as defined by RAN3)
	· None
	· None
	· None
	· None

	“Off”
	· DRS
	· CSI-RS (for CSI) (FFS)
	· None, but see note (2)
	· RRM on DRS

· CSI reporting (FFS)

· Inactive SCell, inactive sSCell

· pSCell (FFS)

· CoMP (FFS)

	“On”
	· DRS

· CRS
	· PBCH (FFS)

· PCFICH (FFS)

· PHICH (FFS)

· PDCCH 

· SIBs (FFS)

· PDSCH 

· EPDCCH 

· CSI-RS (for CSI)
	· RRM on CRS
· PCell
· SCell
· CoMP
	· RRM on CRS (FFS)

· RRM on DRS (FFS)

· SCell, sSCell 

· pSCell (FFS)

· CoMP

	Backwards compatible
	· PSS

· SSS

· CRS

· PBCH

· PCFICH

· PHICH

· PDCCH

· SIBs
	· PDSCH 

· EPDCCH 

· CSI-RS (for CSI)

· DRS (FFS)
	· RRM on CRS

· PCell

· SCell

· CoMP
	· RRM on CRS
· RRM on DRS (FFS)

· PCell, SCell, pSCell, sSCell

· CoMP


Notes: 

(1) Here “CRS” means a full set of backwards compatible CRS in all DL subframes   

(2) It is possible that legacy CoMP operation might be supported by “off” cells
(3) We assume that PCell is always backwards compatible

(4) pSCell and sSCell denote cells provided by SeNB in Dual Connectivity  
Based on the above, remaining open issues include:

a) Which signals can be optionally transmitted by an ON cell

b) Whether pSCell in Dual Connectivity can be OFF
c) To confirm whether CoMP is possible using “off” cells 
d) Whether DRS may be transmitted together with legacy CRS
e) Whether RRM should be carried out on legacy CRS or DRS or both (for DRS in an ON cell)
2.2 OFF to ON Transitions

We now consider the subsequent actions following discovery of an OFF cell by a UE. The different possibilities are captured in Table 2, together with some steps which may be need to achieve the desired end result (e.g. the target cell becoming a serving cell), together with an indication of which are required in each case.
Table 2: Steps for possible semi-static transition of non-serving OFF cell to be a serving ON cell
	Procedural Steps
	Handover (change of PCell)
	Scell or sSCell addition
	pSCell addition
	Co-operating cell or TP addition (CoMP)

	RRM Measurement configuration of UE (including DRS configuration)
	Yes
	Yes
	Yes
	Yes

	RRM Measurement reporting
	Yes
	Yes
	Yes
	Yes

	Turn “on” target cell
	Yes. See note (3) 
	Optional. See note (4)
	Optional. See note (4) or Yes (FFS)
	Optional. See note (4)

	Configure UE to assume that the target cell is ON
	Yes
	Yes
	Yes
	Optional

	PRACH
	Yes
	Yes (For new TAG)
	Yes (For new TAG)
	No

	CSI reporting
	Optional
	Optional
	Optional
	Optional

	PDSCH reception from target cell 
	Yes
	Optional
	Optional
	Optional

	PUSCH transmission to target cell
	Yes
	Optional
	Optional
	Optional (but this would be transparent to the UE)

	End result
	Target cell becomes PCell
	Target cell becomes a serving cell
	Target cell becomes a serving cell
	Target cell/TP can support CoMP transmission to the UE


Notes:
(1) We assume here that UL-based techniques for cell discovery are not used. If they are available, then RRM measurements and reports may not be needed

(2) For Transmission Points with a common Cell ID, TP identification is also beneficial

(3) The target cell should be “on” before a handover can be completed

(4) We assume that the target cell/TP can be turned “on” at any time before it is used for PDSCH transmission, and that it can become a serving cell while still “off”

Currently the UE is expected to make RRM measurements on all its serving cells and should support configuration of CSI reporting on active cells.  Therefore the following issues are open:- 
a) Whether a non-serving cell can ever be assumed by the UE to be ON if RRM on DRS is configured on that frequency

b) Whether different RRM behaviour would be required depending on whether a serving cell is OFF or ON

c) Whether RRM behaviour can be different for different cells at the same frequency (e.g. PCell and neighbour cells on the same frequency) 
3 Conclusions

The issues discussed in this contribution are largely independent of the detailed DRS design. Therefore the following proposals are made:

Proposal: An “on” cell provided by the network is not necessarily backwards compatible to legacy UEs. Therefore the signals which may be assumed by the UE to be present for an ON cell need to be determined.
RAN1 should resolve the following open issues:
a) Which signals can be optionally transmitted by an ON cell

b) Whether pSCell in Dual Connectivity can be OFF

c) To confirm whether CoMP is possible using “off” cells 

d) Whether RRM should be carried out on legacy CRS or DRS or both (for DRS in an ON cell) 

e) Whether a non-serving cell can ever be assumed by the UE to be ON if RRM on DRS is configured on that frequency

f) Whether different RRM behaviour would be required depending on whether a serving cell is OFF or ON

g) Whether RRM behaviour can be different for different cells at the same frequency (e.g. PCell and neighbour cells on the same frequency) 
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